Abstract
Introduction

43
Asthma is a chronic inflammatory airway disease characterized by inflammation, airway 44 hyper-responsiveness (AHR), and tissue remodeling (13). Symptoms include cough, wheezing, 45 difficulty breathing, and chest tightness (26). In the United States, approximately 39.5 million 46 people had asthma in 2011, and 3,404 asthma related deaths were reported in 2010 (7).
47
Numerous studies reported the important role of airway epithelial cells in the 64 pathogenesis of asthma (18). Indeed, epithelial cells are able to produce a variety of cytokines 65 involved in airway inflammation and remodeling (39). Importantly, the role of epithelial cells as 66 a target for GC therapy is increasing. The epithelium is the site of deposition for inhaled GCs, 67 and as such can be exposed to higher concentrations of GCs than any other cell type in the 68 airway, suggesting epithelial cells as key cells in which GC insensitivity may develop.
69
The classical Th2 paradigm suggests that asthma is predominantly driven by Th2- interacts with importin-α-1 (NP-1) to translocate to the nucleus through the nuclear pore (34).
83
Upon entering the nucleus, the homodimerized STAT1 becomes phosphorylated at serine residue lymphocytes and exhibited by a decrease in the ratio of IL-4 to IFNγ in severe asthmatics (1) .
99
Similarly, peripheral blood mononuclear cells (PBMC) from COPD patients expressed a 100 significantly higher percentage of IFNγ-producing CD8 cells compared to normal subjects, and 101 the levels of which positively correlated with disease severity (41). Lastly, a retrospective pilot 102 study indicated that serum IFNγ levels correlated with longitudinal decline in FEV 1 
159
The cell cultures were incubated at 37°C in 5% CO 2 . we used 2 µg of gamma-activated sequence (GAS) luciferase reporter plasmid (Agilent, Santa 174 Clara, CA) and 1 µg of β-galactosidase vector (to normalize transfection efficiency) (Promega).
160
Culture of epithelial cells in air-liquid interface
175
Lysates were extracted using 1x reporter lysis buffer (Promega). The activities of luciferase and 176 β-galactosidase were evaluated using luciferase and β-galactosidase assay kits, respectively, 177 according to the manufacturer's instructions (Promega). The reporter luciferase activities were 178 normalized to β-galactosidase activity and expressed as relative light unit (RLU) (38). 
Western Blotting
186
Proteins were extracted from cells using RIPA lysis buffer (Thermo Scientific, Rockford, 187 IL) supplemented with 2 mM sodium vanadate, 10 mM sodium fluoride, 10 µg/ml leupeptin, 10 188 µg/ml aprotinin and 100 µM phenylmethylsulfonyl fluoride (PMSF) (Sigma-Aldrich). Protein 189 concentration was determined using a colorimetric detergent compatible protein assay (Bio-rad, 
204
Cell Viability
205
Cell viability was determined using MTT absorbance assay purchased from Sigma- absence of FP added 2 hr after, and protein expression was examined by western blot analysis.
260
Interestingly, we found that the ability of IFNγ to induce the phosphorylation of JAK1 and JAK2
261
( Fig. 1A and 1B) and of STAT1 at both Tyr701 and S727 residues was not inhibited by FP ( 
IFNγ-induced STAT1 nuclear translocation is steroid insensitive in airway epithelial cells
273
We next examined whether IFNγ-induced STAT1 nuclear translocation was affected by
274
GC treatment. As shown in Fig. 2A insensitive to steroid treatment.
284
The expression of IIGs is differentially sensitive to GC in airway epithelial cells 285 We next investigated whether the insensitivity of STAT1 activation to GC effects, as (Fig. 4) . Indeed, while the expression of IFIT2 and
293
CXCL11 was completely insensitive to GC treatment, the expression of CXCL10 was partially 294 inhibited by GC in both A549 and NHBE cells ( Fig. 4A and B) . Together, these results
295
suggested that while IFNγ-induced GAS-reporter activity was insensitive to GC effects, IIGs 296 were differentially sensitive. induced CXCL10 expression (< 70% inhibition) (Fig. 5C ). Figure 5D shows that cell viability 305 was not significantly affected by the use of DBI. This data suggests that the steroid insensitive
306
IIGs studied here are more STAT1-dependent than steroid sensitive IIGs.
307
NF-κB-dependency of IIGs determines their differential sensitivity to GC
308
Previous studies showed that NF-κB and STAT1 cooperatively regulate the expression of 309 some IIGs (9, 27). Therefore, we next sought to determine whether NF-κB-dependency of IIGs inhibitor, BMS345541, were tested. Interestingly, we found that the steroid sensitive IIG 312 (CXCL10) was most sensitive to NF-κB inhibition (Fig. 6C) . Indeed, in IFNγ-treated cells, (CXCL11 and IFIT2) at much higher concentration of 3 μM ( Fig. 6A and B) . Figure 6D shows 316 that cell viability was not significantly affected by the use of BMS345541. These results suggest 317 that NF-κB-dependency of IIGs determines their differential sensitivity to GC, with steroid 318 sensitive IIGs being more NF-κB-dependent. and -dependent gene transcription, which were shown above to be steroid insensitive (Fig. 1D-E   324 and Fig. 3 ). As expected, the ability of IFNγ to induce GAS-reporter activities was completely 325 abrogated when cells were treated with BMS345541 (Fig. 7A) . Surprisingly, STAT1
NF-κB inhibition interferes with
326 phosphorylation at Y701 and S727 residues in IFNγ-treated cells was completely insensitive to
327
BMS345541 effects ( Fig. 7B and 7C ). This data suggests that NF-κB modulates STAT1 328 activation at the nuclear/promoter level.
329
IFNγ induces NF-κB activation in A549 lung epithelial cells in a steroid-sensitive manner
330
Studies previously demonstrated the ability of IFNγ to activate NF-κB (12). However,
331
such induction was highly cell-specific (12). Since NF-κB seems to be involved in IFNγ- ( Fig. 9A and B was reduced with inhibition of STAT1 ( Fig. 10A and B) . Importantly, when STAT1 was 346 inhibited, these steroid insensitive IIGs became responsive to GC effects ( Fig. 10A and B) .
347
When CXCL11 protein secretion was assessed, similar results were obtained (Fig. 10C) were higher in COPD patients compared to control patients (Fig. 11A ). We also found that IFNγ-
374
induced JAK/STAT-associated signaling pathway was insensitive to GC actions, an insensitivity 375 that was reversed by STAT1 inhibition.
376
The effect of GC on JAK/STAT1 activation varies depending on the interferon used for 377 cell treatment. Indeed, we found here that while IFNγ-induced STAT1 phosphorylation was GC 378 insensitive, IFNβ-induced STAT1 phosphorylation was GC sensitive (Fig. 1C and D) . Similarly,
379
GCs were found to inhibit IFNβ-induced STAT1-STAT2 activation in macrophages (10). This Fig. 8A and B) . In addition, we also found that NF-κB 402 pharmacological inhibition using BMS345541 significantly inhibited IFNγ-induced GAS-
403
reporter activity (Fig. 7A ) and the expression of IIGs (Fig. 6A-C 
419
6A and B). We also found that GC insensitive IIGs were more STAT1-dependent ( Fig. 5A-C) ,
420
suggesting that STAT1-dependency of IIGs determines their lack of GC responsiveness.
421
However, additional IIGs need to be explored in epithelial and other airway cells in order to 422 generalize such observation, as our study focused only on 3 IIGs.
423
Interestingly, using STAT1 Tyr701 mutant, Walter and colleagues were able to reduce with this, we here show that siRNA STAT1 not only reduced the expression of all IIGs, but also 428 increased the responsiveness of GC insensitive IIGs to GC actions (Fig 10A and B) . Indeed, (Fig. 10A and B 
647
The secretion of CXCL11 in cells' supernatants was examined by ELISA. # P <0.05, ## P <0.01,
648
and ### P <0.001 compared to siControl cells treated with IFNγ alone. 
